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Abstract
By running fixed patterns of cycles in the SPS over
many years, the hardware and controls software had the
opportunity to adapt ‘successfully’ to this Super-Cycle
environment. The evolution of the control system has led
to a situation where it has become dependent on this
environment, as there are many instances where built in
knowledge of the Super-Cycle organisation now exists.
In the near future, the SPS will have new purposes:
i.e. filling the LHC and running different combinations
of dedicated neutrino and fixed-target cycles. The
changes between the different modes of operation should
be fast and efficient. The present system of Super-Cycle
changes is inadequate.
This presentation discusses the “poor man’s multi-
cycling” option, a system by which multi-cycling has
been experimented, and the lessons learned from it. It
then discusses the local timing aspects of the future
cycle control system. Finally we address the point of
cycle interdependence caused by the magnetic systems.
The results of the measurements made in fall 1998 are
presented.
1 FUTURE CYCLE REQUIREMENTS
In the coming years a variety of new SPS cycles will
be used. Not only are there the specific LHC cycles, e.g.
commissioning, pilot, LHC filling, there are also new
SPS users expected with their dedicated cycles such as
the Neutrino beam to Grand-Sasso. Even the most
common fixed target proton cycle, which is the
workhorse of the SPS, may come to exist in more than
one instance with different lengths and energies. [1], [2],
[3].
An important requirement for the LHC is that the
change of the SPS mode of operation into the LHC
filling mode, should be as fast, simple and reliable as
possible. To further improve the efficiency of the usage
of the SPS for producing physics, changing the SPS
mode in general should be made as fast as possible. High
machine availability can be obtained by a system that
automatically adapts the SPS mode of operation to
changing conditions.
Currently this is not the case, the change of the SPS
Super-Cycle is an operation that can take well over an
hour to complete.
2 POOR MAN’S MULTI-CYCLING
OPTION
In the framework of the actual SPS control system, a
possibility exists for making fast cycle changes in a
limited context. This scheme was proposed during the
SPS days in 1998 and was tried out in September 1998.
This so called “Poor Man’s Multi-cycling” operation
uses the provisions in the Mugef and Timing systems
that are foreseen for the coast and economy options.
Extra cycles participating in the fast cycle change are
stored in Mugef tables that are usually assigned to coast
functions. The economy/coast feature of the timing
system is then used to switch to an alternative table. In
normal operation, the timing system reads the BCT
beam current and makes a real-time decision to replace
the current cycle in execution by an economy cycle in
case there is no beam circulating in the machine. The
same mechanism is used by the poor man’s multi-
cycling system to replace a sub-sequence of cycles for a
different sequence of cycles.
The Super-Cycle with the alternative cycle
combination used in the poor man’s multi-cycling test is
shown in Figure 1. It should be noted that the alternative
cycle actually crosses the traditional Super-Cycle
boundary. With the beam out segment of the LHC test
cycle being identical to the beam-out segment of the
14 GeV Proton-Fixed-Target cycle, any effect of the
cycle history on the beam and more specifically on the
following lepton cycles, should be absent.
In order to generate the required cycles and to down
load them into the Mugef, the SuperDuper-Cycle
concept was created (See Figure 2). This is an extended
Super-Cycle that contains all the cycle combinations that
are possible in the poor man’s multi-cycling mode. The
actual running sequence of cycles will of course, only be
a selected sub-set of cycles. One should further note that
the SuperDuper-Cycle might contain exact duplications
of the same elementary cycles (beam in- and beam out-
Nominal Super-Cycle
Figure 1. Cycle configuration used in the poor man’s
multi-cycling test. The combination of the nominal
26 GeV MD cycle and the 14 GeV Proton Fixed Target
cycle, can be substituted by an LHC test cycle.
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segments). In this test case the SuperDuper-Cycle
contained identical copies of the lepton cycles.
The poor man’s multi-cycling option was
implemented and operated without any modification to
the code. We were able to select between the two cycle
options on a Super-Cycle by Super-Cycle basis.
Unfortunately, since the tests were done during a MD-
period without beam, we were not able to demonstrate
the fact that the beam would be insensitive to the cycle
history. The test was useful, however, to demonstrate
that the concept of a fixed Super-Cycle is omni present.
I.e. we were unable to measure the magnet current over
a complete (timing selected) Super-Cycle, because the
control system made the wrong assumptions on the
Super-Cycle composition based on what is on the
database.
Discussion of the poor man’s cycling option
Although the system can be extended further and this
method may be used to implement fast multi-cycling
options without modifications of the code, there are
several drawbacks.
x Currently, the system is incompatible with economy
options. This can be fixed by a modification of the
timing software.
x There are only a limited number of cycles available
in Mugef. With the introduction of the ROCS/mugef
system, the number of functions can now be
extended
x There is build-in Super-Cycle knowledge in the
software and possibly the hardware, which is not
fully resolved.
x It is linked to a fixed Super-Cycle length. This
limitation can be removed by a modification of the
timing system.
x There is no fine control over the relation between a
cycle and the event number in this system. As a
result of this, cycles that are duplicated in the
SuperDuper-cycle will also be copied in the Mugef
function tables.
x There are no facilities to trim for ‘cycle history’
effects.
The poor man’s multi-cycling option has shown the
principle of fast cycle changes. The implementation
itself however, is too clumsy to be further generalised. A
major drawback of this system is that there are no
provisions for intelligent cycle maintenance, where trims
applied on a given cycle, can be propagated, depending
on the trim context, to other instances of the same cycle
in different Super-Cycles.
 Although this system could be used in the coming
years for fast switching between normal mode of
operation and an MD type of operation, a truly flexible
fast Super-Cycle option will be provided within the
framework of the SPS 2001 project [4]. This project will
handle the management of resident cycles, and cycle
sequence dependent trimming.
3 SPS2001 TIMING
The timing systems used today in the PS and SL
divisions to control the CERN accelerator complex are
autonomous. In the context of the future SPS usage, the
LHC injector chain, which includes the PS and SPS
accelerators, would benefit from a more flexible and co-
ordinated beam scheduling system.
The origin of the present SPS timing system goes back
to the days of the SPS anti proton collider project. It is a
simple system, which generates timing events based on
fixed Super-Cycle oriented timing event tables. Once
these tables are loaded into the MTG, the event
generator card operates independent of its MTG-host
computer. For synchronisation with the PS, the MTG
hardware receives from the PS a 1 ms clock signal and a
Start-Super-Cycle (SSC) signal.
To change the Super-Cycle, a new timing table has to
be down loaded in the MTG hardware. Although this is
not necessarily a transparent operation, the overhead is
very minor compared to the effort that is required to
reload the functions in the rest of the equipment. For
minor modifications in the event table, however, the
reload of the Super-Cycle timing table is seamless.
SPS timing migration path
The key element for the integration of the SPS timing
system in a CERN wide beam and cycle control system
is the SPS local timing generation system. A carefully
organised local timing system can make the transition to
the integrated system totally transparent to the clients of
the SPS timing. The task of the local timing system will
be to receive the messages sent by the Central Beam and
Cycle Management system (CBCM), and to generate the
local events corresponding to the scheduled cycle.
In this way the same classical events as before will be
sent out on the SPS timing network and the current
timing system will continue to work for the clients as
before. Simultaneously, telegrams as used in the PS
complex, may be sent out as well, allowing a possible
further extension of the current SPS timing system.
The migration of the SPS local timing system will go
through the following phases:
Figure 2. SuperDuper-Cycle used to create and load the
cycles of the poor man’s multi-cycling test. The lepton
cycles following the 14 GeV Fixed Target Proton cycle
and the 26 GeV LHC test cycle are exact duplicates.
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1. The current local timing system, based on a PC
MTG card, will be ported to the new VME MTG
hardware environment.
2. The timing table will become cycle oriented: Instead
of monolithic Super-Cycle tables, individual cycle
tables will be downloaded into the MTG together
with a Super-Cycle driving table. The Super-Cycle
driving table will schedule the individual timing
tables in turn, creating a nominal Super-Cycle.
3. The local Super-Cycle driving tables will be
replaced by the Central Beam and Cycle
Management (CBCM) control. The CBCM informs
the local SPS timing system about the next cycle to
execute using PS style telegrams. Note that the local
SPS timing system will continue to take care of real
time decisions such as the execution of economy
cycles.
4. The local SPS timing system will implement the
SPS2001 compliant API [4].
5. The PS-telegrams will be forwarded by the local
SPS timing system such that they are available to
the SPS clients.
Implications for SPS equipment
With this concept of timing migration, the
implications for the SPS equipment groups are minimal.
The normal sequence of timing events will continue to
be generated. An important difference that will arise is
that once the full flexibility of the CBCM system is
going to be exploited, the current predefined sequence of
cycles may become arbitrary. This implies that there will
not be anymore a predetermined fixed Super-Cycle
length and the “Start-Super-Cycle event” will eventually
lose its meaning.
4 CYCLE DEPENDENT EFFECTS
In the first part of this presentation, we have been
concerned by the mechanism to make fast cycle changes
and how the equipment has to be controlled to make
these fast changes. There is little doubt that we can make
the control system and equipment cycle oriented. The
most important question is, however, can we make the
beam Super-Cycle independent.
In this section we will have a look at some Super-
Cycle effects on the beam. First we will discuss the
Super-Cycle effects of the hardware compensation trims.
Secondly we will discuss the magnetic history effects on
the beam.
Autotrim corrections
Advance and “Autotrim” corrections are
systematically applied to the main power supplies
reference functions (bends, quads and sextupoles) to
correct for the difference between the demanded and
obtained current. This difference is due to the response
function of the main power supplies. These “autotrim”
corrections are applied on a Super-Cycle basis since they
were thought to be a Super-Cycle specific effect
(dependent on the magnetic history). This hypothesis can
be verified by studying the corrections, and by
measurements with dedicated test cycles.
The analysis of autotrim corrections (see Figure 3) and
the study of MPS current-loop diagram (see Figure 4)
gives a model to predict the corrections. There are two
major corrections terms (see Figure 5), with their
strength depending on a current controlled gain. The
second correction term also depends on the magnetic
history. From the data there is evidence for a third
correction term with a very short time constant (less than
20 ms). This component is most likely determined by the
characteristics of the Voltage-Loop (V.L.) and will be
ignored here. Note that effects shorter than 30 ms are
also ignored by the autotrim procedure.
To determine the current dependence of the two
correction terms a special expert program was developed
by C.Oliveira to reload test functions in the Mugef,
while bypassing completely the usual chain of the
control software. This last point was essential, since we
also want to by-pass the standard advance and autotrim









































Figure 3. Typical “autotrim” hardware compensation













RC     CC









Figure 4. Schematic diagram of the Main Power Supply
current loop control.
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function. It further allowed us to use the economy
function in the Mugef, which guaranteed us to be able to
switch rapidly back to the normal situation at the end of
the tests.
Two type of functions were to probe the correction
components independently. Smooth functions (smooth
ramp up, and ramp down) were used to measure the first
correction term, while special, wiggled ramp functions
were used to probe the second correction term.
Here only the results of the smooth functions are
presented. To analyse the data we corrected the
difference between the measured and the demanded
current (Imeas-Iref) in the ‘best possible way’ for the
effect of the second order term (present only at start &
end of ramps). The results are divided by the dImeas/dt
and plotted as a function of Imeas.
The result gives the strength of the first order term,
which should only be determined by the characteristics
of the “current dependent gain” amplifier. Figure 6 and
Figure 7 show the results for different maximum currents
in the test cycle. The figures have been separated for
ramp-up and ramp-down. The obtained shape does not
show what we would have expected from the current
depended gain. This needs further investigations.
However, from the analysis we learn that the gain is
independent of the maximum current and (not shown
here) independent of the slope for the ramping up
curves. For the ramping down, the curves are different
and there are some slope-dependent effects. This should
be attributed to the effect of the voltage loop, which
have different characteristics in rectifier and ondulator
mode.
Discussion of autotrim corrections
We have shown that the hardware compensation can
be largely predicted. However, a parameterisation of the
corrections is required. The current dependence of the
first correction term (dI/dt) is stable and does not depend
on the slope or on the Imax of the test cycle (and Super-
Cycle). It does, however, depend on the direction of the
slope.
The measurements of the gain for the second term
should be analysed. It is expected that this term will
have some dependence on the magnet history (especially
visible at the start of the ramp).
Finally, the measurements should be extended to the
main quadrupoles & sextupoles. Measurement should
also be done for lepton cycles where the characteristics
of the current-loop are different.
Once these measurements are completed, we have the
information to replace the autotrim corrections by
calculated corrections.
Magnetic history effects
The magnetic field at injection and the dynamic
behaviour at the start of the ramp will depend on the
magnetic history from the previous cycles. Hence, we
may expect that the beam performance in a cycle will
also depend on the cycles that were previously executed.
The extent of these effects can be studied by the
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Figure 5, The two correction terms expected from the
analysis of the current loop diagram. The common factor
G-1(I
out) in the two correction terms is a current
dependent gain of the system, which is given by:
 G-1(Iout) = max(1, g X(Iout–Itresh))
This factor is essentially there to compensate for the













Figure 6. Current dependence of the first correction












Figure 7. Current dependence of the first correction
term while ramping down.
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measurements of beam parameters as a function of the
running cycle sequence. Parameters that are easily
measurable are horizontal position in the first turn (B-
field), tune (quadrupole strength) and chromaticity
(sextupole strength).
During a MD session in September 1998, horizontal
positions in the first turn were measured while varying
the maximum strength in the main dipoles during the
Fixed-Target proton cycle. The horizontal positions were
measured for the electron cycle following the main
proton cycle and also for the main proton cycle itself
(i.e. to measure a possible global base line shift).
Figure 8 shows the result for the electron cycle. A
small direct correlation is visible of the order of 0.5 mm
over the range from 400 to 450 GeV. However, a much
more dramatic effect of 7 mm is visible between the
nominal function of 450 GeV and the test function at
450 GeV. The reason for this is that the descents of the
test functions were very crude without a fine control of
the round out. Hence, the under-shoot at the end of the
descent was not identical to the one in the nominal
functions, leading to the large difference in the magnetic
field.
Figure 9 shows the results for the proton cycle. There
is no direct correlation visible between the horizontal
position and the maximum current of the main bends.
There could be a hint for a very weak (0.05 mm) delayed
correlation.
Discussion of magnetic history measurements
The magnetic history effects of the main bends were
measured using the horizontal position of the beam in
the first turn. The effect on the proton cycle itself (global
base line shifts) did not show any appreciable effect.
Only the lepton cycle following the test cycle did show a
small effect. The effect of the maximum energy of the
test cycle, however, was much smaller compared to
effects that are due to the differences in the descent of
the test cycle. Hence, a precise control of the beam out
parts of the cycle functions will be very crucial. These
measurements have to be repeated but with a better
control of the descent of the test functions. Furthermore,
to complete our knowledge of magnetic history effects,
the measurements should be extended to the effects of
the tune and chromaticity.
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Figure 8. Horizontal beam position in the first turn of
the electron cycle following the main proton cycle,



































Figure 9. Horizontal beam position in the first turn of
the main proton cycle, while varying the maximum
energy (i.e. current) of the main proton cycle.
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